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DATASET SIMPLIFICATION OF
N-DIMENSIONAL SIGNALS CAPTURED FOR
ASSET TRACKING

CROSS-REFERENCE

This application claims the benefit under 35 U.S.C. § 120
as a confinuation of U.S. patent application Ser. No. 17/211,
671, titled “Dataset Simplification of N-Dimensional Sig-
nals captured for Asset Tracking,” filed Mar. 24, 2021,
which claims the benefit under 35 U.S.C. § 120 as a
continuation of U.S. patent application Ser. No. 16/928,071,
titled “Dataset Simplification of N-Dimensional Signals
Captured for Asset Tracking,” filed Jul. 14, 2020, which
claims the benefit under 35 U.S.C § 1.119(e) to U.S.
Provisional Application Ser. No. 63/039,480, titled “Dataset
Simplification of Multidimensional Signals Captured by
Asset Tracking Devices,” filed Jun. 16, 2020, each of which

1s herein 1incorporated by reference in its entirety.

FIELD

The present disclosure relates to telematics, and 1n par-
tficular to the collection of data for asset tracking for telem-
atics systems.

BACKGROUND

A telematics system may track the location of an asset,
such as a vehicle, and other data related to the asset, directly
through the asset or through an asset tracking device located
onboard the asset. The asset, or its asset tracking device, may
communicate with a satellite navigation system, such as a
Global Positioning System (GPS), Global Navigation Sat-
ellite System (GNSS), cellular tower network, Wi-Fi1 net-
work, or other system to track the location of the asset. An
asset tracking device may collect additional information via
sensors on the asset tracking device, such as accelerometer
data or other data. An asset tracking device may also collect
information through a data connection with the asset itself,
such as, 1n the case of a vehicular asset, through an onboard
diagnostic port from which engine speed, battery tempera-
ture, fuel level, tire pressure, outside temperature, or other
asset data may be obtained. Such data may be received and
recorded by technical infrastructure of the telematics system
and used 1n the provision of telematics services, such as fleet
management tools, or for further data analysis.

SUMMARY

According to an aspect of the disclosure, a method for
capturing raw data that contains a multidimensional signal at
an asset or asset tracking device for transmission to a
telematics system 1s provided. The method involves obtain-
ing raw data from a data source onboard an asset and
determining whether obtainment of the raw data results 1n
satisfaction of a data logging trigger. When the data logging
trigger 1s satisfied, a dataset simplification algorithm 1s
performed on a target set of data within the raw data to
generate a simplified set of data, wherein the target set of
data contains a time-varniant multidimensional signal and the
dataset simplification algorithm 1s generalized for any mul-
tidimensional signal. The method further involves transmit-
ting the simplified set of data to a server.

Performing the dataset simplification algorithm may
involve applying a dimensionally generalized Ramer-Doug-
las-Peucker algorithm to the target set of data to select points
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2

1n the target set of data for inclusion in the simplified set of
data that have minimum distances to a reference line running
through the target set of data that exceed a threshold value,
wherein each minimum distance 1s achieved by a direct
calculation. Determination of a minimum distance for a
sample point 1n the target set of data to the reference line
may be achieved by determining a reference point on the
reference line that 1s mimimally distant from that sample
point by evaluating t_. 1in the following equation:

FFILFL

IP_I_ZTZI (yﬁ'n —JF{}H)*Q'
1+Zil az

rmfr: -

wherein t, represents the time value (t) at the sample point
(p), N represents the total number of non-time dimensions in
the multidimensional signal, n represents the n™ non-time
dimension 1n the multidimensional s1 gnal y, represents the
value (y) of the sample point (p) in the n’ dlmensmn (n), yD
represents the value (y) of the first point (0) 1n the n
dimension (n), the first point (0) being first with respect to
time, a_ represents the slope (a) of the reference line in the
n™ dimension (n) with respect to time, and t_._represents the
fime (t) at the reference point, the point at which the
reference line 1s minimally distant (min) from the sample
point, and determining the distance from that sample point
to the reference point by the following equation:

|R(L, p)l =

N
7 2
(Lmin _rp) T Z(yﬂn Ty * Lyin _yﬁ?'n)
n=1

wherein, t,.... t,. N, n, yq, a,, and y, are defined as in the
previous equatlon,, and IR(L, p)l represents the distance (R)
from the sample point (p) to the reference point on the
reference line (L).

Performing the dataset simplification algorithm may
involve: (1) defining a reference line through the target set of
data from a first point 1n the set to a last point 1n the set with
respect to time, (11) determining a minimum distance to the
reference line for all points 1n the target set of data between
the first point and the last point, wherein determination of
the minimum distance 1s a dimensionally generalized and
direct calculation, (111) selecting the point that has the largest
minimum distance to the reference line, (1v) if the minimum
distance from the selected point to the reference line 1s larger
than a threshold value, logging the selected point for inclu-
sion 1n the simplified set of data, and (v) repeating steps (1)
through (1v) on subdivided portions of the set, each of which
1s bounded by the first point in the set, a to-be-saved point,
or the last point 1n the set, as the case may be, using, for each
subdivided portion, a line defined between the first point and
the last point of that subdivided portion as a respective
reference line for that subdivided portion, until there are no
points 1n any subdivided portion that are minimally distant
from the respective reference line of that subdivided portion
by at least the threshold value.

The multidimensional signal may contain at least two data
types that are recorded in different units, and the method
further may 1nclude scaling the units of at least one dimen-
sion of the multidimensional signal prior to application of
the dataset 31mp11ﬁcat10n algorithm. The two data types that
are recorded 1n different units may be obtained from differ-

ent data sources.
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The multidimensional signal may include a first dimen-
sion for latitudinal position of the asset and a second
dimension for longitudinal position of the asset. The mul-
tidimensional signal may further include a third dimension
for altitudinal position of the asset. The multidimensional
signal may include a first dimension for an accelerometer
signal 1n an X direction, a second dimension for an accel-
erometer signal in a Y direction, and a third dimension for
an accelerometer signal 1n a Z direction. The raw data may
be obtained by an asset tracking device onboard the asset,
and the data source may include one or more of: an onboard
diagnostic port of the asset and a sensor of the asset tracking
device.

According to another aspect of the disclosure, an asset
tracking device that captures raw data that contains a mul-
tidimensional signal for transmission to a telematics system
1s provided. The asset tracking device includes an interface
layer to obtain raw data from a data source onboard an asset,
wherein the raw data contains a target set of data that
contains a time-variant multidimensional signal. The asset
tracking device further includes a memory to store the raw
data, and a controller to determine whether obtainment of
the raw data results in satisfaction of a data logging trigger,
and when the data logging trigger 1s satisfied, perform a
dataset simplification algorithm on the target set of data to
generate a simplified set of data, wherein the dataset sim-
plification algorithm 1s generalized for any multidimen-
sional signal. The asset tracking device further includes a
communication interface to transmit the simplified set of
data to a server.

The multidimensional signal may contain at least two data
types that are recorded in different units, and the units of at
least one dimension of the multidimensional signal are
scaled prior to application of the dataset simplification
algorithm. The two data types that are recorded 1n different
units may be obtained from different data sources. A first
data type of the two data types may be a positional data type
and a second data type of the two data types may be a speed
data type. The asset may be a vehicle, the positional data
type may be obtained from a locating device onboard the
asset tracking device, and the speed data type may be
obtained through an onboard diagnostic port of the vehicle.

According to yet another aspect of the disclosure, a
system for capturing data from an asset tracking device 1s
provided. System 1ncludes an asset tracking device onboard
an asset, the asset tracking device configured to obtain raw
data from a data source onboard the asset, wherein the raw
data contains a target set of data that contains a time-variant
multidimensional signal, determine whether obtainment of
the raw data results in satisfaction of a data logging trigger,
and when the data logging trigger 1s satisfied, perform a
dataset simplification algorithm on the target set of data to
generate a simplified set of data, wherein the dataset sim-
plification algorithm 1s generalized for any multidimen-
sional signal, and transmit the simplified set of data. The
system further includes one or more servers to receive the
simplified set of data from the asset tracking device, and
record the simplified set of data in an asset tracking data-
base.

The multidimensional signal may contain at least two data
types that are recorded in different units, and the units of at
least one of the dimensions of the multidimensional signal
may be scaled prior to application of the dataset simplifi-
cation algorithm. The two data types that are recorded 1n
different units may be obtained from different data sources.
A first data type of the two data types may be a positional
data type and a second data type of the two data types may
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4

be a speed data type. The asset may be a vehicle, the
positional data type may be obtained from a locating device
onboard the asset tracking device, and the speed data type
may be obtained through an onboard diagnostic port of the
vehicle.

According to yet another aspect of the disclosure, another
method for capturing raw data that contains a multidimen-
sional signal at an asset or asset tracking device for trans-

mission to a telematics system 1s provided. The method
involves obtaining raw data from a data source onboard an
asset, determining whether obtainment of the raw data
results 1n satisfaction of a data logging trigger, and, when the
data logging trigger 1s satisfied, performing a dataset sim-
plification algorithm on a target set of data within the raw
data to generate a simplified set of data, wherein the target
set of data contains a time-variant N-dimensional signal,
N>=1, and the dataset simplification algorithm 1s general-
1zed for all N>=1, and transmitting the simplified set of data
to a server.

Performing the dataset simplification algorithm may
involve applying a dimensionally generalized Ramer-Doug-
las-Peucker algorithm to the target set of data to select points
in the target set of data for inclusion in the simplified set of
data that have minimum distances to a reference line running
through the target set of data that exceed a threshold value,
wherein determination of each minimum distance 1s direct
for all N>=1. Determination of each minimum distance for
a sample point 1n the target set of data to the reference line
may be achieved by determining a reference point on the
reference line that 1s mimimally distant from that sample
point by evaluating t_. 1in the following equation:

FRLFL

wherein, t, represents the time value (t) at the sample point
(p), N represents the total number of non-time dimensions in
the N-dimensional signal, n represents the n™ dimension in
the N-dimensional 81gnal yp represents the value (y) of the
sample point (p) in the n’ " dimension (11) Yo, represents the
value (y) of the first point (0) in the n’ " dimension (n), the
first point (0) being first with respect to time, a, represents
the slope (a) of the reference line in the n™ dimension (n)
with respect to time, and t,_. represents the time (t) at the
reference point, the point at which the reference line 1s
minimally distant (min) from the sample point, and deter-
mining the distance from that sample point to the reference
point by the following equation:

2 2
(fmfn_fp) —l_Z(yﬂn +ﬂﬂ$fmfﬁ_yﬁn)
n=1

|R(L, p)l =

wherein, t,,,, t,, N, n, yo , a,, and y, are defined as in the
previous equatlon, and IR(L,p)| represents the distance (R)
from the sample point (p) to the reference point on the
reference line (L).

Performing the dataset simplification algorithm may
involve: (1) defining a reference line through the target set of
data from a first point 1n the set to a last point in the set with
respect to time, (1) determining a minimum distance to the
reference line for all points 1n the target set of data between

the first point and the last point, wherein determination of
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the minimum distance 1s a dimensionally generalized and
direct calculation, (111) selecting the point that has the largest
mimmum distance to the reference line, (1v) 11 the minimum
distance from the selected point to the reference line 1s larger
than a threshold value, logging the selected point for inclu-
sion 1n the simplified set of data, and (v) repeating steps (1)
through (1v) on subdivided portions of the set, each of which
1s bounded by the first point 1n the set, a to-be-saved point,
or the last point 1n the set, as the case may be, using, for each
subdivided portion, a line defined between the first point and
the last point of that subdivided portion as a respective
reference line for that subdivided portion, until there are no
points 1 any subdivided portion that are minimally distant
from the respective reference line of that subdivided portion
by at least the threshold value.

The N-dimensional signal may contain at least two data
types that are recorded in different units, and the method
may further involve scaling the units of at least one dimen-
sion of the multidimensional signal prior to application of
the dataset simplification algorithm. The two data types that
are recorded 1n different units may be obtained from difler-
ent data sources. The N-dimensional signal may include a
first dimension for latitudinal position of the asset and a
second dimension for longitudinal position of the asset. The
N-dimensional signal may further include a third dimension
for altitudinal position of the asset. The N-dimensional
signal may include a first dimension for an accelerometer
signal 1n an X direction, a second dimension for an accel-
crometer signal 1 a Y direction, and a third dimension for
an accelerometer signal 1n a Z direction. The raw data may
be obtained by an asset tracking device onboard the asset,
and the data source may include one or more of: an onboard
diagnostic port of the asset and a sensor of the asset tracking
device.

According to yet another aspect of the disclosure, another
asset tracking device that captures raw data that contains a
multidimensional signal for transmission to a telematics
system 15 provided. The asset tracking device includes an
interface layer to obtain raw data from a data source onboard
an asset, wherein the raw data contains a target set of data
that contains a time-variant N-dimensional signal, N>=1.
The asset tracking device further includes a memory to store
the raw data, and a controller to determine whether obtain-
ment of the raw data results 1n satisfaction of a data logging
trigger, and, when the data logging trigger 1s satisiied,
perform a dataset simplification algorithm on the target set
of data to generate a simplified set of data, wherein the
dataset simplification algorithm 1s generalized for all N>=1,
and a communication interface to transmit the simplified set
of data to a server.

The N-dimensional signal may contain at least two data
types that are recorded 1n different units, and the units of at
least one of the dimensions of the multidimensional signal
may be scaled prior to application of the dataset simplifi-
cation algorithm. The two data types that are recorded 1n
different units may be obtained from different data sources.
A first data type of the two data types may be a positional
data type and a second data type of the two data types may
be a speed data type. The asset may be a vehicle, the
positional data type may be obtained from a locating device
onboard the asset tracking device, and the speed data type
may be obtained through an onboard diagnostic port of the
vehicle.

According to yet another aspect of the disclosure, another
system for capturing data from an asset tracking device 1s
provided. The system includes an asset tracking device
onboard an asset, the asset tracking device configured to
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obtain raw data from a data source onboard the asset,
wherein the raw data contains a target set of data that
contains a time-variant N-dimensional signal, N>=1, deter-
mine whether obtainment of the raw data results 1n satis-
faction of a data logging trigger, and, when the data logging
trigger 1s satisfied, perform a dataset simplification algo-
rithm on the target set of data to generate a simplified set of
data, wherein the dataset simplification algorithm 1s gener-
alized for all N>=1, and transmit the simplified set of data.
The system further includes one or more servers to receive
the simplified set of data from the asset tracking device, and
record the simplified set of data i an asset tracking data-
base.

The N-dimensional signal may contain at least two data
types that are recorded 1n different units, and the units of at
least one dimension of the multidimensional signal may be
scaled prior to application of the dataset simplification
algorithm. The two data types that are recorded 1n different
units may be obtained from different data sources. A first
data type of the two data types may be a positional data type
and a second data type of the two data types may be a speed
data type. the asset may be a vehicle, the positional data type
may be obtained from a locating device onboard the asset
tracking device, and the speed data type may be obtained
through an onboard diagnostic port of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an example system for
capturing data from an asset or asset tracking device. The
asset or asset tracking device captures raw data that contains
a multidimensional signal and simplifies the multidimen-
sional signal for transmission to a telematics system.

FIG. 2 1s a block diagram of an example asset tracking
device that captures raw data that contains a multidimen-
sional signal for transmission to a telematics system.

FIG. 3 1s a flowchart of an example method for capturing
raw data that contains a multidimensional signal at an asset
or asset tracking device for transmission to a telematics
system.

FIG. 4 1s a flowchart of an example method for perform-
ing a dataset simplification algorithm on a set of data the
contains a multidimensional signal.

FIGS. SA, 5B, 5C, 6A, 6B, and 6C are data plots that
illustrate the application of a multidimensional dataset sim-
plification algorithm to example raw data captured by an
asset or asset tracking device.

DETAILED DESCRIPTION

A large telematics system may collect data from a very
high number of assets, either directly or through asset
tracking devices. A very high number of assets may be
capable of collecting such large amounts of data that the
technical infrastructure of a telematics system could be
overwhelmed 11 all of the data were to be transmaitted to, and
processed by, the telematics system. Therefore, assets and
asset tracking devices generally transmit only a small pro-
portion of the total number of data points collected to their
telematics system, and discard the remainder.

An asset or asset tracking device may determine which
data points to transmit to 1ts telematics system, and which
data points to discard, directly on the device. The determi-
nation of which points to transmit, and which points to
discard, may be made 1n a number of ways. In one simplistic
example, one may employ simple periodic sampling,
whereby only the data that 1s spaced apart by regularly
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spaced time intervals 1s retained for transmission, and all
remaining data 1s discarded. Alternatively, in an improved
example, one may algorithmically determine which points
of data are the most significant for the purposes of a
telematics service, and retain only these most significant 53
data points for transmission. Applying a dataset simplifica-
tion algorithm that retains only the most significant data
points may ensure that the technical infrastructure of its
telematics system 1s not overwhelmed with unnecessary
amounts of data that 1s not useful in the provision of a 10
telematics service.

Although the application of a dataset simplification algo-
rithm may lead to data collection efliciencies for the telem-
atics system that receives the data, the application of such
algorithms may be computationally intensive for the asset or 15
asset tracking device that collects the data, particularly 1n the
case where the asset or asset tracking device collects many
different types of data and performs a dataset simplification
algorithm on each of these types of data independently.

The present disclosure provides techmiques for applying a 20
dataset simplification algorithm on raw data that 1s 1n the
form of an N-dimensional signal, and proposes that applying
a dimensionally generalized dataset simplification algorithm
on an N-dimensional signal may be more computationally
ellicient as compared to the application of several instances 25
ol a unidimensional dataset simplification algorithm on the
same data 1n the form of several separate sets of unidimen-
sional signals. The term “signal” 1n this context refers to the
signal of data types that are collected over time. That 1s, for
example, 1t may be more computationally eflicient to apply 30
a dimensionally generalized dataset simplification algorithm
on a three-dimensional accelerometer signal that comprises
an accelerometer signal i the X direction, and accelerom-
cter signal 1n the Y direction, and an accelerometer signal 1n
the 7Z direction, over time, than 1t 1s to apply a unidimen- 35
sional dataset simplification algorithm on the accelerometer
signal 1n the X direction over time, the accelerometer signal
in the Y direction over time, and again on the accelerometer
signal 1n the 7Z direction over time. In general, such a
multidimensional signal may be any bundle of signals that 40
would otherwise be simplified independently.

Thus, an asset or asset tracking device may collect data of
a plurality of different types, and perform dimensionally
generalized dataset simplification algorithms on multidi-
mensional signals within the data to simplity the data 1n a 45
computationally eflicient manner, prior to transmaission to 1ts
telematics system. Further, by performing dataset simplifi-
cation algorithms on bundles of signals that would have
otherwise been simplified independently, the asset or asset
tracking device may make more accurate determinations as 50
to which points are the most significant points, which may
result 1n more reliable data collection for its telematics
system.

FIG. 1 1s a schematic diagram of an example system 100
for capturing data from an asset or asset tracking device. In 55
the present example, the system 100 includes an asset
tracking device 110 located at an asset 102.

In some examples, the asset tracking device 110 may be
a self-contained device installed at the asset 102. In other
examples, the asset tracking device 110 may be a tracking 60
device that 1s integrated into the asset 102, 1n which case the
data captured by the asset tracking device 110 may be
referred to as being captured by the asset 102 itself. In either
case, the data captured may be referred to as being captured
by an asset tracking device. 65

The asset tracking device 110 collects data, such as the
location of the asset tracking device 110 or sensor data from

8

sensors onboard the asset tracking device 110. In some
examples, such as in the case where the asset 102 1s a vehicle
and the asset tracking device 110 i1s a separate device, the
asset tracking device 110 may collect data directly from the
asset 102 through an onboard diagnostic port. This data 1s
indicated generally as raw data 104.

For collecting location data, the system 100 may include
a locating system (not shown) for tracking the locations of
one or more asset tracking devices, including the asset
tracking device 110, such as a Global Positioning System
(GPS), a Global Navigation Satellite System (GNSS), a
cellular tower network, Wi-Fi networks, or another system
which enables the monitoring of the location of asset track-
ing devices.

For exemplary purposes, the asset 102 1s shown as a
vehicular asset: a transport truck. However, the asset 102
may 1nclude any type of vehicular asset, such as a passenger
vehicle, construction vehicle, other utility vehicle, naval
vessel, airplane, or any other vehicular asset that may be
tracked by an asset tracking device. The asset 102 may also
include any non-vehicular asset, such as a transport trailer,
shipping container, pallet, shipped good, or any other non-
vehicular asset which may be tracked by an asset tracking
device. Further, in other examples, the asset 102 may include
a vehicle or other asset that includes an integrated tracking
device to capture data related to the asset 102.

The system 100 further includes a telematics system 120
that includes an asset tracking database that may record
location data, trip/travel histories, accelerometer data, tem-
perature sensor data, vehicle speed data, and other data
captured by assets and/or asset tracking devices, including
the asset tracking device 110. The telematics system 120
may further store user accounts and other data associated
with the asset tracking devices for the provision of telem-
atics services.

The technical infrastructure of the telematics system 120
includes one or more servers or computing devices, indi-
cated, for example, as a server 122. The server 122 includes
a communication interface to communicate with asset track-
ing devices via one or more computing networks and/or
telecommunication networks, a memory to store data, and a
controller to execute the methods performed by the telem-
atics system 120 as described herein. For example, the
server 122 1s shown to provision a telematics services
module 124 which provides telematics services, such as
asset tracking and reporting services, to client devices (not
shown) using data collected from asset tracking devices.

A portion of the raw data 104 collected by the asset
tracking device 110 1s transmitted to the telematics system
120, indicated as transmitted data 112. The remainder of the
raw data 104 that i1s not transmitted 1s discarded. The raw
data 104 includes a multidimensional signal 106, which 1s
simplified by the asset tracking device 110 1nto a simplified
multidimensional signal 114 for inclusion 1n the transmitted
data 112 by the application of a dimensionally generalized
dataset simplification algorithm.

The multidimensional signal 106 1s time-variant, and 1s a
signal that includes multiple streams of raw data collected
over time. For example, the multidimensional signal 106
may include a first dimension for an accelerometer signal in
the X direction, a second dimension for an accelerometer
signal 1 the Y direction, and a third dimension for an
accelerometer signal 1n the Z direction, each of which are
collected over time by the asset tracking device 110. As
another example, the multidimensional signal 106 may
include a first dimension for latitudinal position of the asset
102 and a second dimension for longitudinal position of the
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asset 102, and i some examples, a third dimension for an
altitudinal position of the asset 102, each of which are
collected over time by the asset tracking device 110. In other
words, the multidimensional signal 1s a time-variant N-di-
mensional signal, with N>1, and the dataset simplification
algorithm 1s generalized for all N>1.

The data types that are included 1n the multidimensional
signal 106 may be of related data types that are recorded 1n
the same units (such as 1n the case of a multidimensional
accelerometer data signal, or 1n the case of a multidimen-
sional positional data signal). However, in other examples,
the multidimensional signal 106 may include a multitude of
related and/or unrelated data types (e.g., a combination of
accelerometer data, speed, location, engine data, etc.).

As will be seen below, any of these multidimensional
signals may be processed through a dataset simplification
algorithm that 1s generalized for any dimensionality (for all
N>1) to improve the computational efliciency of the sim-
plification of such data. As will be seen below, performing
the dataset sitmplification algorithm on the multidimensional
signal 106 rather than on several unidimensional signals
independently may improve processing performance of the
asset tracking device 110, and may further improve the
reliability of the collection of data by the telematics system
120. Example methods by which the asset tracking device

110 obtains and simplifies such data are discussed 1n greater
detail below.

Further, 1n some examples, the dataset simplification
algorithm may further be generalized for the case where the
signal to be simplified 1s either umdimensional (N=1) or
multidimensional (N>1), and the same generalized dataset
simplification algorithm may be applied to a signal of any
dimensionality (N>=1) thereby enabling the use of a com-
mon model for dataset simplification for all dimensions,
which may improve the design, implementation, and main-
tenance of such systems.

FIG. 2 1s a block diagram of an example asset tracking
device 200 that collects and simplifies raw data that contains
a multidimensional signal for transmission to a telematics
system. The asset tracking device 200 may be understood to
be one example of the asset tracking device 110 of FIG. 1.

The asset tracking device 200 1s onboard an asset 202,
which may be similar to the asset 102 of FIG. 1. As
described above, the asset 202 may be a vehicular or
non-vehicular asset.

The asset tracking device 200 includes an interface layer
210 to obtain raw data 204 {from a data source onboard the
asset 202. The data source may include a sensor of the asset
tracking device 200, a sensor of the asset 202, a locating
device of the asset tracking device 200 (e.g., a GPS device
located on the asset tracking device 200), a locating device
of the asset 202 (e.g., a GPS device located on the asset 202),
or, in examples 1n which the asset 202 1s a vehicle and the
asset tracking device 200 1s located onboard the asset 202,
an onboard diagnostic port of the asset 202. In any case, the
interface layer 210 obtains raw data 204 from such a data
source and includes one or more 1nterfaces for receiving raw
data 204 from the data source.

The asset tracking device 200 further includes a memory
220 that stores at least a portion of the raw data 204 collected
through the interface layer 210. The memory 220 may
include read-only memory (ROM), random-access memory
(RAM), tlash memory, magnetic storage, optical storage,
and similar, or any combination thereof. The memory 220
may include a raw data bufler to store the raw data 204, and
a logging memory to store the data that 1s to-be-saved and
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transmitted to techmical infrastructure of a telematics sys-
tem, shown here as a server 201, which may be similar to the
server 122 of FIG. 1.

The raw data 204 includes a subset that 1s to be simplified
as a multidimensional signal, denoted herein as a target set
of data 205. The target set of data 205 contains a time-
variant multidimensional signal 206, similar to the multidi-
mensional signal 106 as discussed above with respect to
FIG. 1. The multidimensional signal 206 may include posi-
tional data, accelerometer data, or any other data that 1s to be
simplified by a dataset simplification algorithm.

Although only a single target set of data 205 and multi-
dimensional signal 206 are shown, this 1s for illustrative
purposes only, and 1t 1s to be understood that the memory
220 may contain several target sets of data 205 and multi-
dimensional signals 206, to be processed as discussed
herein. Further, the amount of raw data 204 stored on the
memory 220 at any given time may depend on a number of
factors, such as the memory size of the memory 220, the
frequency with which such data 1s to be logged, and the
bandwidth available for such data to be transmitted to a
telematics system.

The asset tracking device 200 further includes a controller
230 to execute data logging instructions 232 and dimen-
sionally generalized dataset simplification instructions 234.
The controller includes one or more of a processor, micro-
processor, microcontroller (IMCU), central processing unit
(CPU), processing core, state machine, logic gate array,
application-specific integrated circuit (ASIC), field-pro-
grammable gate array (FPGA), or similar, capable of execut-
ing, whether by software, hardware, firmware, or a combi-
nation of such, the actions performed by the controller 230
as described herein. The controller 230 includes a memory,
which may include ROM, RAM, flash memory, magnetic
storage, optical storage, and similar, or any combination
thereol, for storing mstructions and data as discussed herein,
including the data logging instructions 232 and dimension-
ally generalized dataset simplification instructions 234.

The data logging instructions 232 cause the controller 230
to determine whether obtainment of the raw data 204 results
in satisfaction of a data logging trigger.

In some examples, determining whether obtainment of the
raw data 204 results 1n satisfaction of a data logging trigger
may mmvolve momitoring the raw data 204 for a particular
feature 1 the raw data 204. For example, a data logging
trigger may be satisfied when the asset tracking device 200
determines from the raw data 204 that the asset 202 has
either stopped or started moving. As another example, the
asset tracking device 200 may continually monitor the trends
in the data of any of 1ts data types (e.g., position), and a data
logging trigger may be satisfied when the asset tracking
device 200 determines that, for any given data type, the
actual collected data differs from the trend by a threshold
amount. Thus, for example, when the asset 202 veers off
course from 1ts expected path of travel, a data logging trigger
may be satisfied.

In other examples, determining whether obtainment of the
raw data 204 results 1n satisfaction of a data logging trigger
may involve monitoring an operating condition of the asset
tracking device 200 for when a particular operating condi-
tion 1s met. For example, a data logging trigger may be
satisfied when a hardware limitation of the asset tracking
device 200 1s met, such as, for example, when a raw data
bufter reaches a limit to the amount of raw data it can store,
when a timer expires, or based on telematics service stan-
dards, such as, for example, a frequency with which the data
at the telematics system 1s to be updated.
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When a data logging trigger 1s satisfied, the data logging
instructions 232 cause the dimensionally generalized dataset
simplification mnstructions 234 to be executed, and a dataset
simplification algorithm 1s performed on a target set of data
205 to generate a simplified set of data 222. The target set
of data 205 may or may not relate to the type of data
monitored by the data logging trigger that was satisfied. That
1s, for example, 1f a data logging trigger related to the
position of the asset 202 was satisfied, the dimensionally
generalized dataset simplification instructions 234 may per-
form a dataset simplification algorithm on positional data.
Alternatively, when a raw data bufler reaches 1its limait, the
dimensionally generalized dataset simplification instruc-
tions 234 may be executed on all types of data stored therein.

The dimensionally generalized dataset simplification
algorithm determines which data points 1n the multidimen-
sional signal 206 should be retained 1n the simplified mul-
tidimensional signal 224 and logged for transmission to the
server 201. That 1s, the dimensionally generalized dataset
simplification algorithm determines which data points 1n the
multidimensional signal 206 are most usetul to providing a
telematics service (1.e., to be saved), and which data points
provide little useful information to a telematics service (1.e.,
to be discarded).

The dataset simplification algorithm may include a line
simplification algorithm that reduces a curve of raw data
composed of line segments (e.g., the multidimensional sig-
nal 206) into a similar curve with fewer points. An example
of such a line simplification algorithm 1n 1ts unidimensional
form 1s the Ramer-Douglas-Peucker algorithm, which
involves the application of a two-dimensional Pythagorean
calculation to determine the distance from a sample point to
a reference line running through the data. However, the
dataset simplification algorithm performed by the dimen-
sionality generalized dataset simplification instructions 234
1s generalized for any multidimensional signal 206. In other
words, the multidimensional signal 206 1s a time-variant
N-dimensional signal, with N>1, and the dataset simplifi-
cation algorithm 1s generalized for all N>1.

One form of multidimensional dataset simplification algo-
rithm that may be applied by the dimensionally generalized
dataset simplification instructions 234 may be understood to
be a modified Ramer-Douglas-Peucker algorithm that 1s
modified to be dimensionally generalized. Such a modified
Ramer-Douglas-Peucker algorithm may involve the appli-
cation of a dimensionally-generalized Pythagorean calcula-
tion to determine the distance from a sample point to a
reference line runming through the data. However, other
multidimensional dataset simplification algorithms are con-
templated.

As mentioned, the dataset simplification algorithm 1s to be
applied to the target set of data 205 to select points in the
target set of data 205 for inclusion 1n the simplified set of
data 222. In the example of a modified Ramer-Douglas-
Peucker algorithm, the points for inclusion in the simplified
set of data 222 have minimum distances to a reference line
running through the target set of data 2035 that exceed a
threshold value. When modified to be dimensionally gener-
alized, determination of the minimum distances 1s achieved
by a direct calculation, discussed in greater detail in FIGS.
5A-6C, below, rather than by a series of calculations on a
series of unidimensional calculations. Such a multidimen-
sional algorithm may result 1n computational efliciencies
and improved data logging reliability.

Further, 1n some examples, the dataset simplification
algorithm may further be generalized for the case where the
signal to be simplified 1s either umidimensional (N=1) or
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multidimensional (N>1), and the same generalized dataset
simplification algorithm may be applied to a signal of any
dimensionality (N>=1) thereby enabling the use of a com-
mon model for dataset simplification for all dimensions,
which may improve the design, implementation, and main-
tenance of such systems. In such examples, 1n the applica-
tion of a modified Ramder-Douglas-Peucker algorithm, the
determination of the mimmmum distances 1s direct for all
N>=1.

The asset tracking device 200 further includes a commu-
nication interface 240 to transmit the simplified set of data
222, which includes the simplified multidimensional signal
224, to the server 201. The communication interface 240
may 1nclude a cellular modem, such as an LTE-M modem,
CAT-M modem, or other cellular modem configured for
bidirectional communication via the network with which
asset tracking device 200 may communicate with the server

201.

FIG. 3 1s a flowchart of an example method 300 for
collecting raw data at an asset or asset tracking device that
contains a multidimensional signal, and simplifying the
multidimensional signal for transmission to a telematics
system. The method 300 may be understood to be one
example of how the asset tracking device 200 of FIG. 2
collects and simplifies raw data containing a multidimen-
sional signal. Thus, for exemplary purposes, the method 300
will be described with reference to the asset tracking device
200 of FIG. 2. Further, the blocks of the method 300 are
claborated upon above with reference to the approprate
components of the asset tracking device 200 of FIG. 2.
However, 1t 1s to be understood that the method 300 may be
applied by other assets and/or asset tracking devices.

At block 302, the interface layer 210 of the asset tracking
device 200 obtains raw data 204 from a data source onboard
the asset 202. As described above, the data source may
include a sensor, locating device, or onboard diagnostic port
of a vehicle.

At block 304, the controller 230 determines whether
obtainment of the raw data 204 results 1n satisfaction of a
data logging trigger. The data logging trigger 1s included 1n
the data logging instructions 232. As described above, the
data logging trigger 1s a trigger that determines when the raw
data 204 1s to be evaluated for simplification and logged for
transmission to a telematics system.

At block 306, when the data logging trigger 1s satisfied,
the controller 230 performs a dimensionally generalized
dataset simplification algorithm on the target set of data 205
within the raw data 204 to generate the simplified set of data
222. The target set of data 205 contains the time-variant
multidimensional signal 206, and the simplified set of data
222 contains the simplified multidimensional signal 224. In
other words, the multidimensional signal 206 1s a time-
variant N-dimensional signal, with N>1, and the dataset
simplification algorithm 1s generalized for all N>1. Further,
in some examples, the dataset simplification algorithm may
further be generalized for the case where the signal to be
simplified 1s either unidimensional (N=1) or multidimen-
sional (N>1), and the same generalized dataset simplifica-
tion algorithm may be applied to a signal of any dimension-
ality (N>=1). In eirther case, the dataset simplification
algorithm 1s generalized for any multidimensional signal
206. As described above, the dataset simplification algo-
rithm determines which data points should be recorded for
transmission to the telematics system and which data points

should be discarded. The simplified set of data 222 1s logged
for transmission.
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At block 308, the communication interface 240 transmits
the simplified set of data 222 to the server 201. The
simplified set of data 222 may be used 1n a telematics system
as appropriate.

The method 300 may be embodied 1n 1nstructions (such as
the data logging instructions 232 and dimensionally gener-
alized dataset simplification instructions 234) stored on a
non-transitory machine-readable storage medium that 1s
executable by the controller 230 to perform the method 300.
The non-transitory machine-readable storage medium may
include ROM, RAM, flash memory, magnetic storage, opti-
cal storage, and similar, or any combination thereof, for
storing instructions and data as discussed herein.

Thus, a non-transitory machine-readable storage medium
may contain instructions that when executed cause the
controller 230 to obtain raw data 204 from a data source
onboard the asset 202 and determine whether obtainment of
the raw data 204 results 1n satisfaction of a data logging
trigger. When the data logging trigger 1s satisfied, the
instructions may cause the controller 230 to perform a
dataset simplification algorithm on a target set of data 205
within the raw data 204. The target set of data 205 contains
a time-variant multidimensional signal 206. The dataset
simplification algorithm 1s to generate a simplified set of
data 222 that contains a simplified multidimensional signal
224. The dataset simplification algorithm 1s generalized for
any multidimensional signal. The instructions may further
cause the controller 230 to transmit the simplified set of data
222 to the server 201.

FIG. 4 1s a flowchart of an example method 400 for
performing a dataset ssmplification algorithm on a set of data
that contains a multidimensional signal. The method 400
may be understood to be one example of how a dimension-
ally generalized dataset simplification algorithm may be
performed on raw data collected by an asset tracking device.
For example, the method 400 may be understood to be one
example of how the block 306 of the method 300 of FIG. 3
may be performed by the asset tracking device 200 of FIG.
2. Thus, for convenience, description of the method 400 1s
made with reference to the asset tracking device 200 of FIG.
2. However, this 1s not limiting, and the method 400 may be
performed by other systems and/or devices.

The method 400 1s illustrated as being applied on an
example set of raw data in FIGS. 5A, 5B, 5C, 6A, 6B, and
6C. The example set of raw data shown may be understood
to be one example of the target set of data 205 of FIG. 2. For
1llustrative purposes, description of the method 400 1s also
made with reference to this target set of data 205 1n FIGS.
5A, 5B, 5C, 6A, 6B, and 6C. However, this 1s not limiting,
and the method 400 may be performed on other sets of raw
data.

At block 402, the controller 230 selects the target set of
data 205 from the raw data 204. As described above, the
target set of data 205 may be selected based on the data
logging trigger that was satisfied. The target set of data 205
may be any set of data that includes some time-variant
multidimensional signal 206 that 1s to be simplified prior to
transmission to a telematics system. In some cases, the target
set of data 205 may also be any subdivided portion of a
higher level target set of data, as discussed below. With
reference to FIG. 5A, the target set of data 205 includes a
two-dimensional signal having dimensions (Y,) and (Y,)
that vary with time (t). The target set of data 205 may be, for
example, an X dimension of accelerometer data (e.g., (Y))
and a Y dimension of accelerometer data (e.g., (Y,)) col-
lected over time. As can be seen, the data points 1n the target
set of data 205 vary with respect to (Y,) and (Y,) over time.
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At block 404, a reference line 1s defined through the target
set of data 205, from the first point 1n the set to the last point
1n the set with respect to time. With reference to FIG. 5A, the
reference line (IL-0) 1s defined through points (a) and (b), and
travels through the three-dimensional space defined by (Y ).
(Y,), and (t). The reference line (I.-0) 1s a straight line
running from point (a) to point (b). In some examples, the
first and last points (a) and (b) may be marked as to-be-saved
for inclusion 1n the simplified set of data 222.

In general, a reference line (L.) 1s defined by the following
equation:

L(H=(yo,+a, (1

In the above equation (1), (t) represents time, (Vq,)
represents the value (y) of the first point (0) in the first
dimension, (a,) represents the slope (a) of the reference line
in the first dimension with respect to tlme (Yo ) represents
the value (y) of the first point (0) in the n’ " dimension (n), the
first point (0) being first with respect to time, (a,,) represents
the slope (a) of the reference line 1n the n”" dimension (n)
with respect to time, and (IN) represents the total number of
non-time dimensions 1n the multidimensional signal (1.e.,
two dimensions (Y ) and (Y,) 1n the target set of data 205).

At block 406, the controller 230 determines a minimum
distance to the reference line for all points in the target set
of data 205 between the first point and the last point. With
reference to FIG. 5A, the controller 230 determines the
distance from all points between points (a) and (b) to the
reference line (LL-0). The determination of a minimum
distance from a sample point (p-0) to the reference line (1.-0)
1s dimensionally generalized, and 1n this case, it 1s a three-
dimensional distance calculated through the three-dimen-
sional space defined by (Y ), (Y,), and (t).

In general, the determination of a minimum distance from
any sample point (p) to a reference line (L) 1s also direct, 1n
that 1t 1s achieved 1n a single step (1.e., by the application of
a single mathematical equation). This direct multidimen-
sional determination 1s 1n contrast to using a dataset sim-
plification algorithm that acts on a unidimensional signal,
such as the Ramer-Douglas-Peucker algorithm, to simplify a
multidimensional signal.

In general, a reference point on a reference line (L) that
1s minimally distant from a sample point (p) to the reference
line (L) may be determined, in a dimensionally generalized
manner, by evaluating (t,_. ) in the following equation:

FITLFL

(2)

IF+E:1 (yﬂn _yﬂn)$ﬂ
1+Z‘j:1 a

In the above equation (2), (t,) represents the time value (t)
at the sample point (p), (N) represents the total number of
non-time dimensions in the multidimensional signal (i.e.,
two dimensions (Y, ) and (Y,) 1n the target set of data 205),
(n) represents the n”* dimension in the multidimensional
mgnal (y, ) represents the value (y) of the sample point (p)
in the n” dimension (11) (yo ) represents the value (y) of the
first point (0) in the n’ " dimension (n), the first point (0)
being first with respect to time, (a,) represents the slope (a)
of the reference line in the n™ dimension (n) with respect to
time, and (t,_ . ) represents the time (t) at the reference point,
the point at which the reference line 1s mimimally distant
(min) from the sample point (p).

The above equation (2) 1s derived by differentiating the
following equation with respect to time, which 1s a gener-

Lin =
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alized equation to provide the distance from a sample point
(p) to the reference line (L) at any level of dimensionality.

IR(L,p)I:\[(r—rp)zﬂn:1”%:%*1:—3’%)2 (3)

In the above equation (3), (1), (t,), (N), (n), (yo ). (a,,), and
(y, ) are defined as in the previous equation (2), and IR(L,
p)l represents the distance (R) from the sample point (p) to
the reference point on the reference line (L).

Evaluating equation (3) at the time (t, . ) determined from
equation (1) provides the minimum distance from a sample
point (p) to a reference point on the reference line (L),
generalized for any multidimensional signal, as shown 1n the
equation below:

IR(L, p)|:\I(rmin—tp)2+2n:l”tvnfﬂn*nmn—yph)g (4)

Thus, the minimum distance from a sample point (p) to
the reference line (L) 1s determined. This determination 1s
made for all points 1n the target set of data 205. This
determination 1s 1n contrast to using a dataset simplification
algorithm that acts on a unidimensional data signal, such as
the Ramer-Douglas-Peucker algorithm, to simplify a multi-
dimensional signal.

The above equation (2) may be simplified for any (IN),
some examples of which are provided in Table 1 below.
Alongside each of the simplified equations there 1s also
provided the number of mathematical operations in that
equation that cause high processor load (“HPL”). Math-
ematical operations that cause high processor load include

multiplication, division, square roots, and squares, but
exclude addition and subtraction.

HPL

OPERA.-

(N) Equation (2) simplified for example values of (N) TIONS
1 ‘. _tF+(yF1_YU1)*ﬂl 3

1 +af
2 t _ tp‘|'(}7p1 _yﬂ1)$al+(y;}2_};ﬂz)$az 5
. 1+ af + a3

3 7

ty + (Yo = Yo, ) *a1 +(¥p, = Yo, ) ¥ 22 + (Yp; = Yo, ) %83

2, .2, 52
l +ay +a5 +a3

tmr’n —

Further, the above equation (4) may be simplified for any
(N), some examples of which are provided in Table 1 below.
Similarly, alongside each of the simplified equations there 1s
also provided the number of mathematical operations in that
equation that cause high processor load.

HPL
OPERA.-
(N) Equation (4) simplified for example values of (N) TIONS
] (tmr’n _ tp)z T 4
IR(L, p)l = )
\ (}’01 + Ay * Ly — y,ﬂl)
2 (tmr’n _ tp)z T 0
2
IR(L, p)| = (}’01 +a1 #byin = ¥p, )+

\ (yﬂz + & # Ly — ypz )2
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-continued
HPL
OPERA-
(N) Equation (4) simplified for example values of (N) TIONS
3 8

(toain — 1) +

P
b + 4 tmr’ﬁ -y +
RA, p)| = oy a1 pl)z
(Yo, + 82 % byin =¥, ) +

\ (Yoy +83 # tyin — ¥ )

Any of the equations shown in Table 1 and Table 2, and
further similarly-derived equations for higher values of (IN),
may be included in the dimensionally generalized dataset
simplification instructions 234. The dimensionally general-
1zed dataset simplification instructions 234 may include
instructions to analyze any given target set of data 205 to
determine the number of dimensions 1in the multidimen-
sional signal 206 therein, and to select an appropriate
equation to use for the multidimensional signal 206 based on
its number of dimensions.

As can be seen from Table 1 and Table 2, the number of
HPL. operations increases with N for equation (2) and
equation (4). However, the number of HPL operations to
perform either equation for any N>1 1s lower than the
number of HPL operations that would be required to perform
the same equation N times when N=1. For example, five
HPL. operations are performed by equation (2) when N=2,
but six HPL operations are performed if equation (2) 1s
performed twice when N=1. Thus, it 1s less computationally
intensive on a processor to perform equation (2) with N=2
(1.e., when simplifying a multidimensional signal of N=2)
than 1t 1s to perform equation (2) twice when N=1 (i.e., when
simplifying two separate unidimensional signals of each
N=1). Similar computational savings are provided by equa-
tion (4) as well. Further, as will be seen below, the distance
from each data point in the target set of data 205 may be
compared against a single threshold value (Z) to determine
whether or not the point 1s to be saved for inclusion in the
simplified set of data 222, which 1s more computationally
efficient than making a separate comparison to a separate
threshold value for several separate data types. Thus, it 1s
more computationally efficient to simplify a multidimen-
sional signal than 1t 1s to simplify several unidimensional
signals containing the same data, as would be the case when
applying the Ramer-Douglas-Peucker algorithm to several
unidimensional signals.

At block 408, the controller 230 selects the point in the
target set of data 205 that has the largest minimum distance
to the reference line. With reference to FIG. 5A, this 1s the
sample point (p-0) shown, which 1s minimally distant from
the reference line (LL-0) by the distance (R-0).

At block 410, the controller 230 determines whether the
largest minimum distance 1s greater than a threshold. With
reference to FIG. 5A, the distance (R-0) 1s checked against
the threshold distance (Z). The threshold distance (Z) may
be referred to as the “curve error”, as i1t denotes the amount
by which i1t 1s considered acceptable for the simplified
multidimensional signal 224 (1.e., the simplified curve) to
vary from the raw data 204.

The threshold distance (Z) may be predetermined based
on a desired degree to which the target set of data 205 1s to
be simplified. A larger value (7)) may result in greater degree
simplification, and a lower value (Z) may result 1n a lesser
degree of simplification.
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In cases 1n which the target set of data 205 contains at
least two data types that are recorded 1n different units, the
determination of whether the threshold value (7) 1s exceeded
may be influenced by the umts that each data type 1s
measured in. For example, where (Y,) 1s Z accelerometer
data and (Y ,) 1s vehicle speed data, the value of (Y,) can be
expected to vary more widely than the value of (Y, ). Even
in some cases in which the target set of data 205 contains
two signals that are of the same data type, but are measured
in different units (e.g., one temperature sensor measures
temperature 1 degrees Celsius and another temperature
sensor measures temperature in degrees Fahrenheit), one
signal may have more influence on whether the threshold
value (7)) 1s met than another. To correct for such skew in the
data, the method 400 may involve scaling the units of at least
one dimension of the multidimensional signal 206 prior to

l

determination of the mimimum distances so that the effect
that each dimension has on whether the threshold distance
(7Z) 1s met can be controlled. For example, where (Y,) 1s Z
accelerometer data and (Y ,) 1s vehicle speed data, the value
of (Y,) can be expected to vary more widely than the value
of (Y,), and thus the (Y,) dimension may have a scaling
tactor (e.g., a factor of 5) applied to 1t, so that each data type
may have a comparable amount of impact on whether the
threshold value (7) 1s met. A scaling factor may also be
applied to the time dimension so that the effect that the time
dimension (and the units 1t 1s recorded 1n) has on whether the
threshold distance (Z) 1s met can be controlled. Thus, the
dataset simplification algorithm may involve the application
of single threshold value (Z), as opposed to multiple thresh-
old values (7Z) for separate signals, the multidimensional
signal 206 may be simplified in a computationally eflicient
mannet.

In cases 1n which all of the data types included in the
multidimensional signal 206 are of the same data type and
are measured in the same units (e.g., where (Y,) 1s X
accelerometer data measured 1 (g) and (Y,) 1s Y acceler-
ometer data measured 1n (g)), the threshold value (Z) need
not be scaled with respect to erther dimension of the mul-
tidimensional signal 206.

The selection of the threshold value (Z) may depend on a
maximum acceptable error for any one, or combination of,
signals 1n the multidimensional signal 206. For example,
cach signal may scaled down (or up, as the case may be)
according to the maximum acceptable error for each other
signal in the multidimensional signal 206. As a numerical
example, 1 the multidimensional signal 206 1includes accel-
crometer data for which there 1s a maximum allowable error
of +/-10 m/s” (and the accelerometer data is measured in
m/s”), and the multidimensional signal 206 further includes
vehicle speed data for which there 1s a maximum allowable
error of +/-1 km/h (and the vehicle speed data 1s measured
in km/h), then the signal for the accelerometer data may be
scaled down by a ratio of 10 (1.e., the ratio of the maximum
acceptable error of the other signal divided by the maximum
acceptable error of the signal).

In general, 1f the point with the largest minimum distance
1s less than the threshold, then the method 400 1s ended. If
the point with the largest minimum distance 1s greater than
the threshold, the method 400 proceeds to block 412.

At block 412, the controller 230 logs the selected point,
which has the largest mimimum distance to the reference
line, to be included in the simplified set of data 222 for
transmission to a telematics system. With reference to FIG.
5A, 1t can be seen that the distance (R-0) from the sample
point (p-0) to the reference line (L-0) 1s greater than the
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threshold value (7)), and thus the sample point (p-0) 1s saved
for inclusion in the simplified set of data 222.

In general, if the target set of data 205 can be further
subdivided, blocks 402 to 412 may then be repeated on such
subdivided portions. At block 414, the controller 230 deter-
mines whether the target set of data 205 can be subdivided
into smaller subdivided portions. I1 the target set of data 2035
cannot be divided into smaller subdivided portions, such as,
for example, 11 there are no further points 1n the target set of
data 205 that can form a subdivided portion, or if there are
no data points in the target set of data 205 that are more
distant to the reference line than the threshold value, then the
method 400 1s ended. If the target set of data 205 can be
subdivided, then the method 400 proceeds to block 416.

At block 416, the target set of data 203 1s subdivided nto
smaller subdivided portions. Each subdivided portion 1s
bounded by either the first point 1n the higher level target set
of data 205 (e.g., point (a), a to-be-saved point (e.g., the
previously saved point (p-0), or the last point in the higher
level target set of data 205 (e.g., point (b)), as the case may
be. For each subdivided portion, the reference line to be used
for evaluation of the minimum distances 1s a line defined
between the first point and the last point of that subdivided
portion. The method 400 may be repeated this way for
increasingly smaller subdivided portions of the target set 1f
data 205 until there are no points 1n any subdivided portion
that are minimally distant from the respective reference line
of that subdivided portion by at least the threshold value.
Thus, the target set of data 205 1s reduced to a simplified set
of data 222. FIGS. 5B, 5C, 6A, 6B, and 6C further illustrate
the above-described 1iterative process.

In FIG. 3B, the original target set of data 205, through
which the original reference line (L-0) was defined, 1s
divided into two subdivided portions, 205-1 and 205-2,
through each of which 1s defined a new respective reference
line (L-1), (L-2), respectively. The original target set of data
2035 may be referred to as the higher level target set of data,
and each of the subdivided portions 2035-1 and 205-2 may be
referred to as subdivided portions thereof. In the target set of
data 205-1, the sample point (p-1) having the greatest
minimum distance to the reference line (L-1) 1s not more
distant from the reference line (LL-1) than the threshold value
(2), and thus this sample point (p-1) 1s not saved for
inclusion in the simplified set of data 222. In the target set
of data 205-2, the sample point (p-2) having the greatest
minimum distance to the reference line (L.-2) 1s more distant
(R-2) from the reference line (L-2) than the threshold value
(2), and thus this sample point (p-2) 1s saved for inclusion 1n
the simplified set of data 222. Since there are no points in the
target set of data 205-1 that are more distant to the reference
line (LL-1) than the threshold value (2), the target set of data
205-1 cannot be further reduced into a further subdivided
portion.

In FIG. 5C, the target set of data 205-2 1s divided 1nto two
subdivided portions, 205-3 and 205-4, through each of
which 1s defined a new respective reference line (LL-3), (L-4),
respectively. In the target set of data 205-3, the sample point
(p-3) having the greatest minimum distance to the reference
line (L-3) 1s not more distant from the reference line (LL-3)
than the threshold value (2), and thus this sample point (p-3)
1s not saved for inclusion 1n the simplified set of data 222.
In the target set of data 205-4, the sample point (p-4) having
the greatest minimum distance to the reference line (L-4) 1s
more distant (R-4) from the reference line (L-4) than the
threshold value (2), and thus this sample point (p-4) 1s saved
for inclusion 1n the simplified set of data 222. Since there are
no points 1n the target set of data 205-3 that are more distant
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to the reference line (LL-3) than the threshold value (2), the
target set ol data 2035-3 cannot be further reduced into a
turther subdivided portion.

Similarly, in FIG. 6A, the target set of data 205-4 1s
divided into two subdivided portions, 205-5 and 205-6,
through each of which 1s defined a new respective reference
line (L-5), (L-6), respectively, and for which the sample
points (p-3) and (p-6) that are mimimally distant to the
respective lines (L-5), (L-6), are more distant than the
threshold (2), and are saved for inclusion 1n the simplified
set of data 222. Further, 1n FIG. 6B, the target sets of data
205-6 and 205-6 are divided into further subdivided portions
205-7, 205-8, 205-9, and 205-10, from which only the
sample point (p-7), which 1s minimally distant from 1its
reference line (L-7) by a distance greater than the threshold
value (2), 1s saved to be included in the simplified set of data
222. In FIG. 6C, the completed simplified set of data 222 1s
shown, which includes points (p-0), (p-2), (p-4), (p-5), (p-6),
(p-7), and which 1s not reducible to any further subdivided

portions. The remaining points from the raw target set of
data 205 that are not included in the simplified set of data
222 are discarded.

Thus, the asset tracking device 200 (or the asset 1itself)
may collect raw data 204 that contains a target set of data
205 that includes a multidimensional signal 206 of a plu-
rality of different data types, and perform a dimensionally
generalized dataset simplification algorithm on the multidi-
mensional signal 206 to simplify the data 1n a computation-
ally eflicient manner prior to transmission to its telematics
system.

Further, by performing a dataset simplification algorithm
on a multidimensional signal rather than on a series of
unidimensional signals, the asset tracking device 200 may
make more accurate determinations as to which points are
the most significant points, which may result in more
reliable data collection for its telematics system.

The data types that are included in the target set of data
205, and thus 1n the multidimensional signal 206, may be set
out 1n the dimensionally generalized dataset simplification
instructions 234. That 1s, the dimensionally generalized
dataset simplification instructions 234 may include instruc-
tions for the controller 230 to identify the individual threads
of data 1n the raw data 204 that are to be bundled together
into a target set of data 205, and may further include
istructions to flag such data or compile such data so that 1t
may be processed through a dimensionally generalized
dataset simplification algorithm.

A target set of data 205 may include data types that are
obtained from the same data source. In many cases, such
data types may each be recorded in the same units, which
simplifies calculations 1n the dataset simplification algo-
rithm. For example, X, Y, and Z accelerometer signals may
all be obtained from an accelerometer onboard the asset
tracking device 200 and may all be recorded in standard
gravity units (1.e., g)).

However, another target set of data 205 may include data
types that are not directly related, and which may be
obtained from different data sources, but which may be
indirectly related i a physical or logistical way. For
example, a target set of data 205 may include a positional
data type such as latitudinal position and longitudinal posi-
tion, and a speed data type such as vehicle speed. The
positional data may be obtained from a locating device
onboard the asset tracking device 200 (e.g., a GPS module),
and the vehicle speed data may be obtained through an
onboard diagnostic port of the asset 202. Although collected
from different sources, these data types may be related, 1n
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that position may be impacted by vehicle speed, and vice
versa. Since these data types are indirectly related 1n some
physical or logistical way, these data types may exhibit
similar signal patterns. For example, each of these data types
may go through periods of relative activity and inactivity
during the same periods of time (e.g., each data type may
show high periods of activity during periods of acceleration,
which results 1n many data points being saved, and periods
of low activity during periods of smooth driving, which
results 1n few data points being saved). It may be particularly
advantageous to bundle together such related data types for
streamlined dataset simplification 1n a target set of data 205
so that the controller 230 performs a dataset simplification
algorithm over each period of relative activity and mnactivity
only once, rather than having the controller 230 do the work
to rediscover, for each data type independently, that each
data type goes through substantially synchronous periods of
relative activity and inactivity. Thus, bundling together
indirectly related data types, may achieve further computa-
tional efliciencies. In order to perform a multidimensional
dataset simplification algorithm on unrelated (or related)
data types, the data may be scaled, as discussed above, and
a common threshold value for simplification can be used for
cach data type.

It should be recognized that features and aspects of the
vartous examples provided above can be combined into
turther examples that also fall within the scope of the present
disclosure. The scope of the claims should not be limited by
the above examples but should be given the broadest inter-
pretation consistent with the description as a whole.

The mvention claimed 1s:
1. A method comprising:
obtaining raw data at a telematics device onboard an asset,
the asset being a vehicle or associated with a vehicle;
when a data logging trigger 1s satisfied, reducing a target
set of data within the raw data into a simplified set of
data, wherein the reducing comprises:
determining a number of dimensions 1n the target set of
data; and
in response to determining that the target set of data
contains at least a first dimension for a sequence of
time values, a second dimension for a first type of
data collected with respect to the sequence of time
values, and a third dimension for a second type of
data collected with respect to the sequence of time
values, applying, to the target set of data, a dimen-
sionally generalized Ramer-Douglas-Peucker algo-
rithm, 1n which points are selected from the target set
of data for inclusion in the simplified set of data
based on distances of the points to iteratively defined
reference lines defined through portions of the target
set of data in N-dimensional space, N being three or
greater; and
transmitting the simplified set of data from the telematics
device to a server for provision of a telematics service.
2. The method of claim 1, wherein:
the distances are minimum distances; and
determination of each minimum distance for a sample
point in the target set of data to the reference line
COMpPrises:
determining a reference point on the reference line that

1s minimally distant from that sample point by evalu-
ating t__. 1n the following equation:

Friirl
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Ip + Zf:l (_]Fpn —y{)ﬁ)ﬁ:ﬂn
1 +Z:;1 ai

rmr’n —

wherein,
t, represents the time value (t) at the sample point (p),
N represents the total number of non-time dimen-
sions 1n the target set of data,
n represents the n” dimension in the target set of
data,
Yp, represents the value (y) of the sample point (p)
in the n™ dimension (n),

Yo, represents the value (y) of the first point (0) 1n

the n” dimension (n), the first point (0) being
first with respect to time,
a_represents the slope (a) of the reference line in
the n” dimension (n) with respect to time, and
t . represents the time (t) at the reference point,
the point at which the reference line 1s mini-
mally distant (min) from the sample point; and
determining the distance from that sample point to the

reference point by the following equation:

2 2
(fmr'n_fp) —I_Z(yﬂn —I_H?T#:fmfﬂ_yﬁn)
n=1

[R(L, p)l =

wherein,

bins L N, 1, Yo, @, and y, are defined as in the

previous equation, and

IR(L., p)! represents the distance (R) from the sample

point (p) to the reference point on the reference
line (L).
3. The method of claim 1, wherein:
the first type of data and the second type of data are
recorded 1n different units, and
the method further comprises scaling the units of one or
both of the first type of data and the second type of data
prior to reduction of the target set of data into the
simplified set of data.

4. The method of claim 3, wherein the first type of data
and the second type of data that are recorded in different
units are obtained from different data sources.

5. The method of claim 1, wherein the first type of data
includes a latitudinal position of the asset and the second
type of data includes a longitudinal position of the asset.

6. The method of claim 5, wherein:

the target set of data further includes a fourth dimension

for a third type of data, and

the third type of data includes an altitudinal position of the

asset.

7. The method of claim 1, wherein:

the first type of data includes an accelerometer signal in

an X direction,

the second type of data includes an accelerometer signal

In a Y direction,

the target set of data further includes a fourth dimension

for a third type of data; and

the third type of data includes an accelerometer signal in
a 7. direction.

8. The method of claim 1, wherein the raw data 1s obtained
from a data source that includes one or more of: an onboard
diagnostic port of the asset and a sensor of an asset tracking
device.
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9. The method of claim 1, wherein each reference line 1s
defined by an 1nitial point in the portion of the target set of
data with a minimum value along the first dimension and a
final point 1n the portion of the target set of data with a
maximum value along the first dimension.

10. The method of claim 1, wherein the telematics device
1s 1ntegrated into the asset.

11. An asset tracking device for use onboard an asset, the
asset tracking device comprising:

an interface layer to obtain raw data from a data source

onboard the asset, the asset being a vehicle or associ-
ated with a vehicle; wherein the raw data contains a
target set of data that contains time-variant N-dimen-
sional data, N being three or greater;

a memory to store the raw data;

a controller configured to:

determine a number of dimensions 1n the target set of
data, wherein the target set of data contains at least
a first dimension for a sequence of time values, a
second dimension for a first type of data collected
with respect to the sequence of time values, and a
third dimension for a second type of data collected
with respect to the sequence of time values;

apply a dimensionally generalized Ramer-Douglas-
Peucker algorithm to the target set of data;

reduce the target set of data to a simplified set of data
by selecting points with the dimensionally general-
1zed Ramer-Douglas-Peucker algorithm, wherein
points are selected from the target set of data for
inclusion 1n the simplified set of data based on
distances of the points to 1teratively defined refer-
ence lines defined through portions of the target set
of data in N-dimensional space, N being three or
greater; and

a communication interface configured to transmit the

simplified set of data to a server.

12. The asset tracking device of claim 11, wherein the
distances are minimum distances and wherein the controller
1s configured to determine each minmimum distance for a
sample point 1n the target set of data to the reference line by
determining a reference point on the reference line that 1s
minimally distant from that sample point by evaluating t
in the following equation:

FrLH

wherein,
t, represents the time value (t) at the sample point (p),
N represents the total number of non-time dimensions
1in the target set of data,

n represents the n”” dimension in the target set of data,

ypn represents the value (y) of the sample point (p) in the
" dimension (n),

Yo, represents the value (y) of the first point (0) in the
" dimension (n), the first point (0) being first with

respect to time,

a_represents the slope (a) of the reference line in the n™
dimension (n) with respect to time, and

t_. represents the time (tf) at the reference point, the
point at which the reference line 1s minimally distant
(min) from the sample point; and
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determining the distance from that sample point to the
reference point by the following equation:

2

N
|R(L: p)l — (rmr'n - rp)z + Z(yﬂn + dy * Ly — yp;q)

n=1

wherein,

Cins pr N, 1, Yo, A and y, are defined as in the

previous equation, and

IR(L., p)! represents the distance (R) from the sample

point (p) to the reference point on the reference
line (L).

13. The asset tracking device of claim 11, wherein the first
type of data and the second type of data are recorded in
different units and wherein the controller 1s configured to
scale the units of one or both of the first type of data and the
second type of data prior to reduction of the target set of data
into the simplified set of data.

14. The asset tracking device of claam 13, wherein the first
type of data and the second type of data that are recorded 1n
different units are obtained from different data sources.

15. The asset tracking device of claim 11, wherein the first
type of data includes a latitudinal position of the asset and
the second type of data includes a longitudinal position of

the asset.
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16. The asset tracking device of claim 15, wherein:

the target set of data further includes a fourth dimension

for a third type of data, and

the third type of data includes an altitudinal position of the

asset.

17. The asset tracking device of claim 11, wherein:

the first type of data includes an accelerometer signal in

an X direction,

the second type of data includes an accelerometer signal

In a Y direction,

the target set of data further includes a fourth dimension

for a third type of data; and

the third type of data includes an accelerometer signal in

a /. direction.

18. The asset tracking device of claim 11, wherein the raw
data 1s obtained from a data source that includes one or more
of: an onboard diagnostic port of the asset and a sensor of the
asset tracking device.

19. The asset tracking device of claim 11, wherein each
reference line 1s defined by an 1nitial point in the portion of
the target set of data with a minimum value along the first
dimension and a final point 1n the portion of the target set of
data with a maximum value along the first dimension.

20. The asset tracking device of claim 11, wherein the
asset tracking device 1s integrated into the asset.

* K * kK K
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